Fusarium head blight (FHB) (caused by Fusarium graminearum Schwabe [telomorph Gibberella zeae (Schwein.) Petch]), is a major constraint on the production of spring wheat (Triticum aestivum L.). The objective of this research was to release a hard red spring wheat (HRSW) cultivar with enhanced levels of FHB resistance. 'Select' (Reg. No. CV-1056, PI 659554) HRSW was developed at South Dakota State University (SDSU) and released by the South Dakota Agricultural Experiment Station (SDAES) in February 2010. The cross 'Briggs' (PI 632970)/FN1500-118 was made during spring 2001. Briggs (BW114/'Bergen' (PI 538768)//SD3097) was released by SDAES in fall 2001. FN1500-118 is an unreleased experimental breeding line developed by the SDSU-HRSW breeding program. The population was advanced via an early-generation bulk-testing program where F 4:7 seed was included in the 2005 preliminary yield trial, and the line was designated SD3948. SD3948 also was tested in the advanced yield trial from 2006 through 2009. Select was released for its high level of resistance to FHB when compared with most other HRSW cultivars developed by the SDSU-HRSW breeding program as well as for its high yield potential and grain volume weight in South Dakota and the northern Great Plains. Additionally, Select is moderately resistant to leaf rust (caused by Puccinia triticina Eriks.) and has an early heading date compared with many HRSW cultivars currently in production.
F
usarium head blight (FHB) (caused by Fusarium graminearum Schwabe [telomorph Gibberella zeae (Schwein.) Petch]) is a major constraint to spring wheat (Triticum aestivum L.) production in the northern Great Plains. The objective of this research was to release a hard red spring wheat (HRSW) cultivar with enhanced levels of FHB resistance. 'Select' (Reg. No. CV-1056, PI 659554) HRSW was developed and tested as both population 23428 and SD3948 at South Dakota State University (SDSU). It was released by the South Dakota Agricultural Experiment Station (SDAES) to registered-seed producers in February 2010. Select was released for its high level of resistance to FHB when compared with most other HRSW cultivars developed by the SDSU-HRSW breeding program as well as for its high yield potential and grain volume weight (GVW) in South Dakota and the northern Great Plains. Additionally, Select is moderately resistant to leaf rust (caused by Puccinia triticina Eriks.) and has an early heading date compared with many HRSW cultivars currently in production.
Select was derived as an F 4:6 line from within the population 'Briggs' (PI 632970; Devkota et al., 2007 )/FN1500-118. Population 23428 was created in the spring wheat breeding greenhouse at Brookings, SD during spring 2001. Briggs was released by SDAES in fall 2001 and has been a very popular HRSW cultivar in the northern Great Plains. FN1500-118 is an unreleased experimental breeding line developed by the SDSU-HRSW breeding program. The pedigree of FN1500-118 is SD3236/KS84063-9-39-3-2W//SD8089. The pedigrees of SD3236, KS84063-9-39-3-2W, and SD8089 are SD3100/SD8061, unknown, and SD8056/SD8061//
Line Selection and Evaluation
Data on agronomic performance and disease resistance as described above were gathered during the 2004 growing season, whereas GVW, GPC, and dough-mixing characteristics were collected after harvest. Among the four F 4:6 sister lines of population 23428 grown in 2004, one was selected for advancement. Bulked F 4:7 seed gave rise to the experimental line designated SD3948, which was included in one of two replicated PYTs during 2005. Two check cultivars, 'Russ' (PI 592785) and 'Oxen' (PI 596770), along with a total of 34 experimental lines selected from the 2004 growing season, were included within the PYT, which was arranged as an RCBD composed of two replications grown at fi ve South Dakota locations. Data for agronomic performance and disease resistance as described above were also gathered from each location during the 2005 growing season, and GVW and GPC were again collected after harvest. Additionally, composite grain samples of each PYT entry from all locations were provided to the USDA-ARS Hard Spring Wheat Quality Laboratory in Fargo, ND for complete milling and baking analysis using AACC approved methods (AACC, 2000) . Based on data collected from 34 PYT entries grown in 2005, SD3948 was one of eight selected from within the second of two PYTs for inclusion in 2006 AYTs.
Through methods described for PYT selection from growing season 2005, SD3948 was perpetuated in the threereplication RCBD AYTs from 2006 through 2009. Ten check cultivars were included each year within the 36-entry AYT, which was harvested at six South Dakota locations in each year. Data were consequently collected from 24 locationyears over the four seasons. Two years of simultaneous independent testing of SD3948 was initiated in 2007 with inclusion in the URHRSWN. The URHRSWN was grown at 18 (2007) and 16 (2008) locations in the United States in six states (Minnesota, Montana, North Dakota, South Dakota, Washington, and Wyoming) and two provinces in Canada (Manitoba and Saskatchewan). The plot size and row spacing varied among nursery cooperators, though all locations were conducted as an RCBD composed of three replicates that included fi ve checks. The number of entries tested within the URHRSWN was 41 in 2007 and 42 in 2008. All fi eld plots within PYT, AYT, and South Dakota locations of the URHRSWN trials were sown as 1.5-by 6.0-m plots composed of seven rows (21.4-cm row spacing). All plots were trimmed to 4.5 m before heading.
Seed Purifi cation and Increase
Purifi cation of SD3948 was initiated in 2006. Each AYT entry was sown as four 1.5-by 6.0-m increase-and-purifi cation plots at Brookings that were trimmed to 4.5 m before heading. On several occasions about the time of heading and immediately before physiological maturity, early-heading, late-heading, tall, late-maturing, and other questionable variants were manually removed from each plot. 
Methods

Early-Generation Population Development
Before derivation of the fi nal line to be included in replicated statewide and regional performance trials, population 23428 was advanced using an early-generation bulk-testing breeding method. The primary selection criteria used during the 2002 growing season were grain yield relative to uniformly interspersed checks, visual estimates of plot uniformity, plant height (height from soil surface to tip of spikes, excluding awns), heading date (number of days to 50% heading after 1 June), and low levels of leaf rust and FHB infection. The same criteria were considered with all ensuing growing seasons except that GVW (approved method 55-10; AACC, 2000), grain protein content (GPC) (approved method 39-10; AACC, 2000), and several dough-mixing characteristics acquired using a computerized Mixograph (National Manufacturing, Lincoln, NE) (approved method 45-40A; AACC, 2000) were also collected from each plot. Selections at the off-season nursery were based primarily on desirable plant height and uniformity within rows displaying low levels of lodging. 
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Statistical Analysis
Statistical analyses were performed using SAS-JMP version 8.0.2 (SAS Institute Inc., Cary, NC). Grain yield, GVW, GPC, heading date, plant height, lodging scores, FHB disease index, (Stack et al., 1997) Fusarium-damaged kernels (FDK), and several end-use quality parameters from 4 yr of AYT and 2 yr of URHRSWN inclusion were subjected to ANOVA. All agronomic data from AYTs were collected on each replicate at each location-year. Agronomic data from URHRSWN trials as well as end-use quality data from both AYT and URHRSWN were available only as location means within years. Mixed-model formulations were utilized for all analyses. Entries were always treated as fi xed effects. Locations, years, replications within location-years (where available), and the appropriate interactions with entries were always considered random effects. Only entries common over years were included in the analyses. Entry-effect mean separation was performed using an F-protected LSD at P ≤ 0.05.
Characteristics Agronomic and Botanical Description
Through 4 yr of observation in AYTs (24 location-years), Select, at an average of 84.9 cm, was signifi cantly (P < 0.05) shorter than 'Granger' (90.7 cm; PI 636134; Glover et al., 2006) , Russ (88.5 cm), and 'Traverse' (88.7 cm; PI 642780) but signifi cantly taller than 'Alsen' (81.5 cm; PI 615543; Frohberg et al., 2006) , 'Kelby' (71.5 cm; PI 643091), 'Knudson' (82.9 cm; PI 619609), Oxen (79.5 cm), and 'Reeder' (82.1 cm; PI 613586) ( Table 1 ). The heading date of Select (20.8 d after 1 June) was signifi cantly (P < 0.05) earlier than most comparison cultivars except 'Brick' (20.0 d; PI 657697; Glover et al., 2010) and Briggs (21.4 d) ( Table 1) .
Eight URHRSWN entries were common among seasons 2007 and 2008. Plant-height observations of Select (85.4 cm) and the seven additional entries were collected at all 34 location-year combinations. Mean plant-height measurements over the years ranged from 78.2 to 102.9 cm, and Select was found to be intermediate in height among the entries. It was signifi cantly (P < 0.05) taller than 'Albany' (78.2 cm; PI 658002) and 'Verde' (80.1 cm; PI 592561; Busch et al., 1996) but signifi cantly shorter than 'Chris' (99.8 cm; CItr 13751), 'Keene' (96.5 cm; PI 598224), 'Marquis' (102.9 cm; CItr 3641) and 'Mott' (87.4 cm; PI 658542) ( Table 2 ). The mean heading date (30 location-years) for Select (20.7 d after 1 June) was signifi cantly earlier (P < 0.05) than the other seven URHR-SWN entries (Table 2 ). Lodging scores (1 = fully upright, and 9 = completely fl at) were collected at fi ve and six locations in 2007 and 2008, respectively. Select (1.1) was signifi cantly (P < 0.05) less prone to lodging than 2375 (2.0), Chris (4.6), and Marquis (3.0) but was similar to the remaining entries (Table 2) .
Select was observed to have an intermediately prostrate early plant-growth habit with no anthocyanin pigmentation. At the boot stage, plants are green in color and the fl ag leaves are inclined, not waxy, and partially twisted. After heading, the plants possess middense, tapering, inclined heads with awns and white, glabrous, medium-length glumes that have acuminate beaks and oblique mediumwidth shoulders. The kernels are ovate, medium to large sized, red, and hard in texture with angular cheeks, a midsized and collared brush, and a surface texture that is mostly smooth. The germ is midsized and the width of the crease measured 80% or less of kernel width. 3.9 0.9 1.5 9.5 11.1 † Disease index described by Stack et al. (1997) .
Verde (44.9%), 2375 (41.8%), and Marquis (41.3%) were all signifi cantly (P < 0.05) more diseased than Select (Table 2) . ) was signifi cantly less (P < 0.05) than that of Alsen (152.7 g kg ) and similar to that of the other cultivars in the trial (Table 1) .
Field Performance
The mean grain yield of Select (3945 kg ha −1 ) collected over 34 URHRSWN location-years was signifi cantly less (P < 0.05) than that of Albany (4289 kg ha −1 ), signifi cantly (P < 0.05) higher than that of Chris (2636 kg ha ) but similar to that of the remaining cultivars ( Table 2 ). The grain volume weight of Select (777 kg m 3 ) within the same trials was signifi cantly (P < 0.05) higher than that of all other cultivars ( Table 2 ). The grain protein content of the URHRSWN cultivars, which was collected at 10 locations in both 2007 and 2008 (20 location-years) , showed that Select (142.3 g kg ) but produced a similar amount as the remaining cultivars (Table 2) . 
End-Use Quality
Disease Resistance
Based on screening tests for adult plant stem rust (caused by Puccinia graminis Per.:Pers. f. sp. tritici Eriks. & E. Henn) conducted on URHRSWN entries in 2007, Select was resistant to most races that prevailed in the northern Great Plains (i.e., races Pt-THBJ, -TGBG, -MHDS, -MJBJ, -TCTD, -KFBJ, and -MFPS), although it was moderately susceptible to race Pt-MBRJ (data not shown). These results indicate that Select probably possesses resistance gene Lr30.
Select was evaluated for FHB resistance several times throughout development. When included in AYT, Select was screened each year in an FHB fi eld evaluation nursery at Brookings, where artifi cial inoculation and overhead mist-irrigation techniques (Rudd et al., 2001 ) were used to promote disease development. On the basis of these tests (four location-years), the average FHB disease-index rating (Stack et al., 1997) of Select (27.2%) was signifi cantly (P < 0.05) lower than that of Granger (37.1%), Kelby (39.5%), Oxen (40.6%), Reeder (42.9%), Russ (38.3%), and 'Steele-ND' (38.7%; PI 634981; Mergoum et al., 2005) although similar to the remaining cultivars (Table1). The mean FDK rating for Select (10.9%) was also low but signifi cantly (P < 0.05) lower only than the 26.0 and 33.9% observed for Oxen and Traverse (Table 1) .
Entries within the URHRSWN were also evaluated in artifi cially inoculated and mist-irrigated FHB-resistance screening nurseries at two locations in both 2007 and 2008 (four location-years), where both disease-index and FDK ratings were collected. The disease-index rating of Select (27.2%) was lowest but still similar to that of Albany (35.9%) and Mott (35.9%). Chris (50.1%), Keene (44.9%), Stack et al. (1997) . ‡ 1 = fully upright; 9 = completely fl at.
Availability
Protection for Select will be sought under the U.S. Plant Variety Protection Act (P.L. 910577) for foundation, registered, and certifi ed seed. All seed requests should be sent to the corresponding author during the period of protection by the PVP certifi cate. Seed of Select has been deposited in the National Plant Germplasm System where it will be available after PVP expiry for research purposes, including development and commercialization of new cultivars. It is requested that appropriate recognition be made if Select contributes to the development of new germplasm or cultivars.
neither signifi cantly better nor worse than the average in terms of each end-use quality characteristic. Select's performance in terms of milling and baking characteristics relative to the means of other tested URHRSWN cultivars was mostly similar to that presented for AYT comparisons in that Select was neither signifi cantly better nor worse than average for most characteristics (Table  4) . Two exceptions were the values of Mixograph envelope peak time (6.6 min) and bake mix time (3.2 min), which were signifi cantly higher than average and also the highest among all URHRSWN comparison cultivars. 
